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EXECUTIVE SUMMARY 


Science and Technology Ministers were asked 
by First Ministers at their November 1986 confer- 
ence to develop an action plan to increase Canada’s 
research and development (R&D) effort. The 
Council of Science and Technology Ministers is 
convinced of the fundamental importance of 
science and technology to economic and regional 
growth and to international competitiveness. It also 
believes that a strong national R&D effort is 
essential to realizing many of the potential eco- 
nomic and social benefits offered by science and 
technology. Further, the Council sees science and 
technology as important instruments in overcoming 
problems which Canada has faced historically, 
such as regional disparities. 

The Council is, therefore, pleased to provide 
First Ministers with this discussion paper on 
Canada’s R&D effort, which is presented to 
facilitate consideration of this topic by First Minis- 
ters, but which does not necessarily reflect the 
position of all governments on all issues. 

Governments in Canada invest significantly in 
R&D and, in fact, have made notable additional 
investments since the November 1986 First Minis- 
ters’ Conference. They invest in R&D for three 
essential reasons: to meet their own requirements; 
to support fundamental research; and to compen- 
sate for the private sector’s underinvestment in 
industrial R&D, which is linked to the fact that it 
cannot capture all the benefits from its own R&D 
activities. Governments provide virtually half of 
Canada’s R&D funding, while industry provides a 
little over two-fifths. 

The Council of Science and Technology 
Ministers is convinced of the need to strengthen the 
R&D effort in Canada and to do so in a way that 
will assist the regions with weaker economic bases 
to develop their potential. While the optimum level 
of R&D investment has not been determined, it is 
clear that Canada’s investment is lower than it 
should be relative to our overall requirements. The 
Council has examined, and set out for consider- 
ation by First Ministers, the resource implications 
of various R&D investment scenarios. It has 
concluded that governments must ensure that a 
dynamic environment exists to encourage an 
increased R&D effort by industry. 

Four major issues must be addressed: 


—Canada’s industrial R&D effort is weak, and the 
base thin and highly concentrated in Central 
Canada; 


—As a country, we do not sufficiently foster 
excellence in fundamental research: 


—Science and technology are not integral parts of 
the Canadian culture; and 


—There has been inadequate consultation and 
consensus among the federal government, the 
provincial and territorial governments and 
industry on the question of science and tech- 
nology priorities and initiatives. 


To address these issues, the Council suggests 
that the following steps should be taken—steps 
which are entirely consistent with the National 
Science and Technology policy signed by the 
federal, provincial and territorial governments in 
March 1987: 


a) To address Canada’s weak industrial R&D 
effort, the Council proposes that the federal 
government, the provincial and territorial 
governments and the private sector should, 
through a consensus-building process, 
examine R&D priorities with industry and 
develop R&D strategies on an industry 
sector-by-sector and needs-related basis, 
taking account of regional requirements; 


b) To address the need to foster excellence in 
fundamental research, the Council is agreed 
in principle that the concept of a national 
network of centres of excellence should be 
given careful consideration; 


c) To address the lack of a sufficient orienta- 
tion to science and technology in the 
Canadian culture, the Council believes that 
governments, in cooperation with the media 
and the private sector, should take the 
necessary steps to increase public awareness 
of the importance of science and technology 
to our economic and social well-being; 


d) To address the lack, at times, of adequate 
consultation between sectors, the Council 
has undertaken to ensure a greater level of 
consultation — between the two orders of 
government and among governments, indus- 
try and the academic community — on 
proposed science and technology initiatives. 


These steps do not constitute all that needs to 
be done to improve our national R&D effort. They 
are, however, important and necessary steps along 
the path to improving our capacity to meet the 
economic and social challenges which the future 
will bring. 
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1. INTRODUCTION 


There is a clear recognition by the industrial- 
ized world that science and technology are key 
elements in the achievement of international 
competitiveness. A major aspect of science and 
technology is research and development (R&D), by 
which new knowledge, products and processes are 
developed. 

In November 1986, First Ministers asked the 
federal, provincial and territorial Ministers respon- 
sible for science and technology to prepare an 
action plan to increase Canada’s R&D effort. The 
Council of Science and Technology Ministers, 
formed when the National Science and Technology 
Policy was signed in March 1987, undertook this 
task under the co-chairmanship of Frank Oberle, 
federal Minister of State (Science and 
Technology). 

The importance of reinforcing Canada’s R&D 
effort has been further underlined by the com- 
muniqué on the economy issued by the 28th annual 
Premiers’ Conference in Saint John. In this com- 
muniqué, the Premiers called upon the Ministers 
Responsible for Science and Technology to con- 
sider, among other things, ways to double current 
levels of spending on R&D across Canada. 

At its most recent meeting, in St. John’s on 
October 1, 1987, the Council of Science and 
Technology Ministers discussed a number of issues 
that may be of interest to First Ministers, and this 
paper sets out these issues. The Council emphasizes 
that it has not put forward here all that should be 
done by governments and by the private sector to 
strengthen our scientific and technological capabil- 
ity and the R&D elements of this capability. 
Nonetheless, this paper highlights a number of 
well-documented issues, notes the implications of 
significant increases of expenditures in R&D and 
sets out certain actions which the Council views as 
pressing if Canada is to be effective in achieving its 
economic, social and regional goals. The paper is 
submitted to First Ministers to facilitate consider- 
ation of these topics, although it does not neces- 
sarily reflect the position of all governments on all 
issues. 


The Council is continuing its deliberations on 
Canada’s science and technology effort, examining 
a number of vital concerns such as: technology 
transfer; basic research; strategic technologies and 
the resource sector; technical, marketing and 
financial assistance; the social/cultural impact of 
science and technology; and the role of science and 
technology in regional development. The Council 
will be considering possible actions on these mat- 
ters in due course. 
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2. RECENT ACTIONS BY GOVERNMENTS 


Since the request by First Ministers for an 
action plan to increase Canada’s R&D effort, the 
Council notes that governments have already 
moved on a number of measures in the science and 
technology area, many of which have an impact on 
R&D. Some of the initiatives taken since Novem- 
ber 1986, include the following: 


—AIl governments signed the National Science 
and Technology Policy in March 1987. 


—The federal government announced its science 
and technology strategy, InnovAction. In this 
context it set out a federal microelectronics 
strategy, enhanced the Industrial Research 
Assistance Program of the National Research 
Council and the Unsolicited Proposals Program 
of the Department of Supply and Services, and 
strengthened the Technology Inflow Program. 
The federal government has also announced the 
formation of a Department of Industry, Science 
and Technology. 


—The Ontario government has announced the 
establishment of seven major centres of excel- 
lence. These centres involve the university sector 
and industry, and each is composed of a network 
of researchers in a coherent area of scientific or 
technological importance. 


—The Quebec government, as part of its budget 
this year, announced a series of tax and funding 
measures to encourage R&D investment by 
industry and greater industry-university collabo- 
ration. 


—Science and technology advisory councils have 
been established by British Columbia, Nova 
Scotia, New Brunswick, Saskatchewan and the 
federal government. 


—The Paris-based Organization for Economic Co- 
operation and Development (OECD), with the 
co-operation of the Western provinces, under- 
took an extensive review of innovation policies in 
Western Canada. 


—The federal government has announced its 
commitment to locate a major national disease 
control-virology laboratory in Winnipeg. 


— Saskatchewan has continued to reinforce its 
advanced technology sector through the Eco- 


nomic Diversification and Investment Fund, the 


Agricultural Development Fund and the estab- 
lishment of the Saskatchewan Institute of 
Applied Science and Technology. 


—Alberta has strengthened its advanced tech- 
nology sector through various initiatives, includ- 
ing the official openings of the Alberta Micro- 
electronics Centre Fabrication Facility, the 
Alberta Laser Institute’s Materials Processing 
Facility, and the new building for Chembiomed 
Ltd. As well, long-term research in agriculture 
has been furthered by the passage of legislation 
creating the Alberta Agricultural Research 
Institute. 


—There was joint funding of a number of specific 
R&D initiatives under subsidiary science-and- 
technology and industrial-innovation agreements 
to the Economic and Regional Development 
Agreements signed between the federal govern- 
ment and Quebec, British Columbia, New 
Brunswick, Nova Scotia and Saskatchewan, 
respectively. 


—A science and technology memorandum of 
understanding was signed between the Yukon 
and the federal government. 


—The federal and Newfoundland governments 
have provided funding for a number of related 
R&D initiatives under the Offshore Develop- 
ment Fund, including support for the 
Marine/Navigation Simulator in the Institute of 
Fisheries and Marine Technology in St. John’s. 


These initiatives show the growing diversity of 
science and technology efforts across the country. 
They also demonstrate the diverse approaches that 
individual governments have taken to improving 
their respective regional infrastructures. These 
initiatives are consistent with a central tenet of the 
National Science and Technology Policy—namely, 
that all governments have a role to play in ensuring 
that science and technology are brought to bear on 
the economic and regional development of this 
country. 
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3. WHY GOVERNMENTS INVEST IN R&D 


The Council notes that R&D is not an end in 
itself. Countries invest in R&D to obtain signifi- 
cant private and social returns associated with 
international competitiveness and the creation of 
wealth and jobs. That these returns exist has been 
clearly demonstrated. They have a median of about 
25% per annum for private returns, and 70% per 
annum for social returns’. The spin-off benefits of 
R&D investment are greater than those in most 
other areas of national expenditure. Of course, 
simply doing R&D will not guarantee these 
returns. The R&D must be tied effectively to the 
overall science and technology capacity and to the 
economic system. 

The public sector provides support for R&D: 


a) to meet its own requirements with respect to 
regulation, defence, the environment and 
other areas of public good; 


b) to support fundamental research for the 
purpose of advancing knowledge and produc- 
ing highly qualified scientists and engineers; 


c) to compensate for the private sector’s under- 
investment in industrial R & D, which is 
linked to the fact that it cannot capture all 
the benefits from its own R&D activities. 
Governments also provide R&D assistance 
to industry because of the barriers to entry in 
certain advanced fields and because of the 
high risk and long pay-out period involved in 
many areas of longer-term interest to indus- 


try. 


The Council notes that the governments of 
most industrially advanced countries, recognizing 
the importance of science and technology to com- 
petitiveness, have undertaken to assist their indus- 
tries in “engineering” areas of comparative advan- 
tage. But, Canadian industry must make 
significantly stronger efforts on its own behalf to 
increase its technological and R&D capabilities; 
governments alone cannot do the job. 


(\) Edwin Mansfield, “‘How Economists See R&D”, Research 
Management, July, 1982. 
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4. TOWARDS THE DETERMINATION 
OF THE OPTIMUM LEVEL 
OF R&D INVESTMENT 


The Council is convinced of the need to 
strengthen our R&D effort in Canada, particularly 
with respect to industrial R&D and fundamental 
research. However, it recognizes that the optimum 
level of R&D investment for Canada — both public 
and private — has never been determined. There are 
indications that the present level of investment in 
R&D by industry is low relative to what is needed 
to maintain the technological effectiveness of our 
capital stock. It is certainly low relative to the 
investments made by our major competitors. But 
there is no consensus on what the appropriate level 
of investment is. 

International comparisons, using simple 
aggregates, are of limited help in determining the 
optimum R&D investment for Canada. Our 
economy has a large natural resource component, 
so our R&D needs are quite different from those 
of, for example, Japan (which has a very limited 
natural resource base) or the United States (with 
its extensive military requirements). The costs of 
the investment required to increase Canada’s R&D 
effort significantly are such that decisions on this 
matter should be taken with a clearer understand- 
ing than now exists of the extent of sectoral and 
regional requirements. At the same time, proposed 
R&D investments by governments must be prio- 
rized against such other demands as social services 
and health care. 


There are various methods by which nations 
have attempted to provide benchmarks against 
which progress in science and technology can be 
measured. For example, several nations have 
experimented with national targets based on ratios 
of R&D expenditures to gross domestic product 
(GDP). Others have attempted to construct an 
amalgam of indicators, both quantitative and 
qualitative, by which R&D investments and science 
and technology capabilities can be evaluated. There 
are differing views as to the ultimate value of 
setting these various forms of national objectives. 
Some believe that they can provide an avenue for 
mobilizing the resources of a country in promoting 
science and technology for economic, social and 
regional development ends. Others believe that they 
can be simplistic or unrealistic and can distract 
attention from the underlying policy issues. 


The extent of the investment needed to 
significantly increase Canada’s R&D effort under 
various scenarios is set out in some detail in the 
Statistical Annex, as is the regional breakdown of 
Canada’s R&D activities. Most of the figures 
involved are substantial. The public and private 
sectors in Canada now spend $7.1 billion per year 
on R&D and this is, of course, how much Canada 
will have to go on spending annually in constant 
1987 dollars simply to maintain the existing R&D 
base. 

But, as indicated in Table 4 of the Statistical 
Annex, an expenditure in 1997, a decade hence, of 
$7.1 billion in constant 1987 dollars, assuming 3% 
per annum real growth in the GDP, would amount 
to only about 1% of GDP — appreciably below the 
current level of 1.3%. To maintain the 1.3% level in 
1997 would require an expenditure of $9.5 billion 
(constant 1987 dollars) in that year. Further, for 
the year 1997, it would cost $12.5 billion in con- 
stant 1987 dollars to devote 1.7% of GDP to R&D, 
$14.2 billion to devote 2%, $18.1 billion to devote 
2.5% and $21.8 billion to devote 3%. 

Figure | in the Statistical Annex indicates the 
total investment required over the coming decade 
to achieve various ratios of R&D expenditure to 
GDP by 1997. For example, an additional $12.5 
billion would be required, beyond the funding 
needed to maintain the existing R&D base, simply 
to maintain the present level of 1.3%. To reach 2% 
by 1997 would require an additional investment of 
$35 billion over the 10 years, and 2.5% would take 
$52.3 billion. Investments of this magnitude have 
other implications, including the need to ensure the 
availability of the necessary highly qualified 
human resources. 

The upper range of the targets would require 
a commitment by governments to substantially 
increase the level of expenditure on R&D at a time 
when most governments are committed to fiscal 
restraint. This would mean a significant realign- 
ment of priorities. This is particularly true for the 
federal government which currently funds over 
80% of government expenditures in R&D. 

It should be particularly emphasized that any 
increase in the national R&D investment would 
have to include a stronger relative investment by 
industry than there has been in the past. 


The Council concludes that R&D spending 
objectives should be set not only in relation to 
specific national requirements — as determined, in 
part, by a significant consultative process with 
industry — but also in full awareness of their 
regional and sectoral impacts. The Council also 
notes that any exercise in setting R&D objectives 
should fully assess the existing base of R&D 
activities with a view to ensuring its effectiveness. 


5. THE MAJOR ISSUES 
IN CANADA’S R&D EFFORT 


Despite the initiatives noted in section 2 of 
this document, the Council believes that at least 
four major issues must be addressed. 


a) Canada’s industrial R&D effort is weak and the 
base thin and highly concentrated in Central 
Canada. 


This situation is the result of a number of 
factors, including the natural resource orientation 
of our economy and the extent of foreign owner- 
ship, which has led to a number of truncated 
operations with little development capacity. 

Among Canadian firms that do R&D at all, 
the most active 2% carry out more than 50% of the 
industrial R&D; only four Canadian firms spend 
more than $100 million per year on R&D, and 
even their efforts are dwarfed by those of their 
international competitors. On the other hand, the 
average operation for the least-active 80% of 
R&D-performing firms involves only about two 
researchers and average annual expenditures of a 
little over $200,000”. While some industries have 
made efforts to increase their R&D, greater 
investment by industry in R&D is essential to 
raising the technological capacity of Canadian 
industry to a level that lets us realize our potential 
in international markets and develop our regional 
strengths. 


b) As a country, we do not sufficiently foster 
excellence in fundamental research. 


We tend to spread our resources thinly, rather 
than concentrating them to a much greater extent 
on developing leading-edge research strengths in 
areas of particular relevance to the future. Some 
steps have been taken to correct this — such as the 
Centres of Excellence Program in Ontario, the 
Programme d’actions structurantes in Quebec and 
a number of other provincial developments in 
support of excellence. But there is scope for greater 
efforts of this sort. Measures to correct this situa- 
tion will also have some important implications for 
our pool of highly qualified personnel. 


“) Estimates by Statistics Canada. 


c) Science and technology are not integral parts of 
the Canadian culture. 


Science and technology are having profound 
effects on the world economy and on societies 
everywhere, and Canadians need to become more 
aware of the emerging opportunities and dangers. 
Most governments have now recognized the impor- 
tance of science and technology and have estab- 
lished consultative or advisory bodies attached to 
the highest levels of decision-making, and steps 
must now be taken to increase the awareness of the 
larger public. Without adequate awareness of the 
importance of science and technology to our future 
prosperity and well-being, Canadians are unlikely 
to place a high priority on government support for 
these vital elements. 


d) There has often been inadequate consultation 
and consensus-building among the federal 
government, the provincial and territorial 
governments, industry and the academic 
community on the question of science and 
technology priorities and initiatives. 


The Council of Science and Technology 
Ministers was established to help alleviate the 
intergovernmental aspects of this concern. If we in 
Canada are to make most effective use of our 
science and technology resources — both public and 
private — consultation and collaboration among 
governments and among governments, industry and 
the academic community will have to become more 
prevalent. 
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6. ADDRESSING THE IDENTIFIED ISSUES 


While the Council will continue to work at 
solutions through its ongoing work-plan, a number 
of suggestions can be made at this time for con- 
sideration by First Ministers. These are consistent 
with the National Science and Technology Policy 
signed by the federal, provincial and territorial 
governments in March 1987. 


a) A stronger industrial R&D effort 


The Council proposes that the federal gov- 
ernment, the provincial and territorial governments 
and the private sector should, through a consen- 
sus- building process, examine R&D priorities 
with industry and develop R&D strategies on an 
industry sector-by-sector and needs-related basis, 
taking account of regional requirements. 


The Council’s Working Group on Increasing 
Canada’s R&D Effort has concluded that not only 
must governments provide a dynamic environment 
to encourage an increased R&D effort by industry; 
in addition, a consensus on broad R&D objectives 
and priorities for each industrial sector is an 
essential first step to future international competi- 
tiveness and regional economic development. At 
the same time, a consensus should also be devel- 
oped on the most effective means of achieving these 
priorities and targets and on the respective roles of 
the major actors. 

This process should build on existing mech- 
anisms such as the Sectoral Advisory Groups on 
International Trade and the various strategic 
planning efforts of the mining and forestry sectors, 
and it should be conducted in conjunction with 
related federal and provincial government efforts 
already underway. Ultimately, such an exercise 
would contribute to a better understanding of 
overall national and regional R&D requirements, 
and it should lead to an improved consensus on the 
fiscal and program measures needed to encourage 
R&D by industry. 


b) Excellence in fundamental research 


The Council is agreed in principle that the 
concept of a national network of centres of excel- 
lence should be given careful consideration. 


The concept would be to designate and to 
fund a small number of world-class centres of 
excellence — each centre, in turn, being a linked 
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network of researchers in a particular domain of 
scientific or technological interest to Canada. All 
regions should be represented within the national 
network. The national network could strengthen 
the fundamental research base in this country and 
increase linkages between the universities and the 
private sector. Ontario’s recent initiative in this 
area offers one possible approach. 

The principal objectives of this concept could 
be to: 


e stimulate leading-edge research, both fundamen- 
tal and applied; 


e develop world-class Canadian scientists and 
engineers in technologies critical to future 
industrial competitiveness; 


e accelerate the diffusion of advanced technologi- 
cal knowledge to industry; and 


e integrate Canadian research and technology 
development efforts into a national network of 
centres with participation from across Canada 
based on proven excellence. 


c) An orientation to science and technology in the 
Canadian culture 


The Council believes that governments, in 
cooperated with the media and the private sector, 
should take the necessary steps to increase public 
awareness of the importance of science and tech- 
nology to our economic and social well-being. 


The Council is thoroughly convinced of the 
key importance of encouraging a culture in Canada 
that is better informed on science and technology 
matters. Without this greater awareness, the level 
of support needed to bring science and technology 
to the top of the political agenda and keep them 
there will not materialize as readily in Canada as 
this support does in a number of other countries. 
And without the necessary level of popular accept- 
ance, it will be difficult to obtain support for a 
significant increase in the country’s R&D effort. 

While a number of steps have been taken by 
both orders of government to increase public 
awareness of science and technology, more are 
required. A number of proposals have been high- 
lighted by the Council’s Working Group on the 
Social/Cultural Impact of Science and Technology. 
In particular, there is a need to: 


¢ undertake measures to improve science education 
in Our primary and secondary schools, paying 
particular attention to the 1984 Science Council 
of Canada report on this matter. 


e encourage and support the development of 
science leisure activities, particularly for the 
young; 


e foster science centres and the expansion of 
science museology throughout Canada; 


e encourage researchers to communicate their 
results to a wider public than their peers and to 
encourage the media to pay closer attention to 
scientific and technological developments; and 


e recognize the potential of social experiments 
involving the diffusion of technology for particu- 
lar purposes as a means of keeping Canadians 
abreast of the rate and direction of technological 
change. 


d) Consultation among governments and others 


The Council has undertaken to ensure a 
greater level of consultation — between the two 
orders of government and among governments, 
industry and the academic community — on pro- 
posed science and technology initiatives. 


At its meeting on October 1, 1987, the Coun- 
cil agreed to a set of principles and guidelines for 
intergovernmental consultation on science and 
technology initiatives. Members have undertaken 
to consult, wherever possible and appropriate, with 
one another on their forthcoming initiatives and to 
encourage intergovernmental consultation on 
science and technology initiatives under the respon- 
sibility of other ministers. 

The Council also recognizes the importance of 
opening effective lines of communication among 
the various science advisory bodies, such as the 
Prime Minister’s National Advisory Board on 
Science and Technology and the analogous councils 
serving certain of the provincial governments. 

On the question of improved industry-govern- 
ment consultation, the Council notes that its 
proposal for industry sector-by-sector consensus- 
building with respect to R&D strategies would go a 
long way to improving government-industry coop- 
eration in science and technology. 


7. CONCLUDING COMMENTS 


The Council recognizes the fiscal restraints 
under which governments are operating and the 
difficulties of choosing among competing economic 
and social priorities. But the Council also notes 
that it is vitally important for Canada to develop a 
stronger capability in science and technology to 
remain among the leading economies. Governments 
in Canada must be willing and able to make the 
necessary investment — and encourage industry to 
do the same in full measure. In so doing, the 
Council is fully aware that there is a considerable 
discrepancy in the R&D concentration among 
provinces. The Council believes that a more equita- 
ble distribution would be appropriate and would 
help the regions with weaker economic bases to 
develop their potential. 

It is equally important to enhance Canada’s 
fundamental research effort, so as to improve our 
capacity to meet the economic and social chal- 
lenges the future will bring. Further, Canadians 
must continue to be made aware of the impact of 
science and technology on their everyday lives. This 
must be done in such a way that investments in 
R&D and science and technology serve to reinforce 
the underpinnings of a sound, dynamic economy 
that will increase job opportunities, alleviate 
regional disparities and let us meet the challenge of 
industrial competitiveness abroad. 
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STATISTICAL ANNEX 


Present Situation 


In 1987, total expenditures on research and 
development (R&D) in Canada are expected to 
reach nearly $7.1 billion (Table 1) — 1.3% of the 
gross domestic product (GDP). The federal govern- 
ment funds about one-third of this directly, the 
provinces about 7% and the universities nearly 10% 
(most of this is provided to the universities by 
governments). Industry funds 42%, and private 
non-profit and foreign sources account for under 
8%. 

Canada’s R&D expenditures (GERD) as a 
percentage of GDP is below that of most of its 
major economic competitors (Table 2). The pic- 
ture, however, changes somewhat if expenditures 
are compared on a per capita basis. Whereas the 
GERD/GDP ratio for Japan is double that for 
Canada, and the U.K.’s ratio is 69% higher, the 
GERD/capita index for Japan is only 47% higher 
than Canada’s and the U.K.’s only 21% higher. 
Our resource base has allowed us to create wealth 
at a lower level of investment in science and tech- 
nology than most of our economic competitors, but 
we can no longer rely on our resource base to 
remain among the leading economies. 


R&D Growth Scenarios 


A series of R&D growth scenarios is pre- 
sented in Table 3. It shows, by source, the invest- 
ment required over the next 10 years — beyond that 
needed to maintain the present R&D base — to 
achieve R&D expenditures of 1.3% of GDP, 1.7%, 
2%, 2.5% and 3% by 1997. The real growth of GDP 
is assumed to be 3% per annum over the period, 
and industry is assumed to be the source of 55% of 
all additional investment over that required to 
maintain the 1987 R&D base. Governments are 
assumed to provide 32.5% of the additional invest- 
ment, universities 7.5% (most of this is provided by 
governments), and private non-profit and foreign 
sources 5%. Under a scenario in which the present 
base is simply maintained, R&D expenditures 
would fall to 1% of GDP by 1997. 
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As can be seen, to maintain the ratio of R&D 
expenditures to GDP at 1.3% would require an 
additional investment of $12.5 billion (above and 
beyond the investment needed to maintain the 
existing R&D base) over 10 years. To increase it to 
1.7%, 2%, 2.5% or 3% by 1997 would require 
additional investments of $27.3 billion, $35.0 
billion, $52.3 billion or $67.4 billion respectively 
over the 10 years. This is shown graphically in 
Figure 1. The 2% scenario, for example, is equiva- 
lent to a doubling of our present R&D effort by 
1997, and it would imply additional investments of 
$35 billion (constant 1987 dollars) over 10 years, 
above and beyond those needed to maintain the 
existing R&D base. About $14 billion would come 
from governments (directly, and through the 
universities), $19.3 billion from industry and $1.8 
billion from other sources. 

The annual expenditure flows for these 
scenarios are shown for selected years in Table 4. 
They are also shown graphically for the entire 
period in Figure 2 (national R&D investment 
requirements), Figure 3 (R&D investment require- 
ments from governments) and Figure 4 (R&D 
investment requirements from industry). Under the 
scenarios of greatest increase in R&D effort, the 
flows of money mount to striking levels by 1997. 


Regional R&D Expenditures 


R&D expenditures by province and by source 
are shown in Table 5 for 1985 (the latest year for 
which these data are available). Per capita, the 
strongest concentration is in Ontario, with Alberta 
and Quebec a distant second and third. R&D 
funding by industry is concentrated in Ontario, 
Quebec, Alberta and B.C., with relatively little in 
the other provinces (industry in the other six 
provinces only funded a total of $108 million of 
R&D in 1985). The federal government provides 
some 84% of the direct public sector funding of 
R&D. 
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TABLE 1 


Expenditures on Research and Development by Funder, 
Canada, 1987 


($ billions) 
Federal Provincial 
Government Governments Universities Industry Other Total 
2239 0.48 0.68 2.98 O55 7.08 
(33.8%) (6.8%) (9.6%) (42.1%) (7.8%) (100%) 
‘) Private non-profit and foreign. 
Source: Statistics Canada. 
TABLE 2 


Gross Expenditures on Research and Development (GERD) 
Relative to Gross Domestic Product and Population, 
Selected Countries 
($ U.S., 1985) 


GERD/capita GERD/GDP 
GERD/ index GERD/ index 

Capita Canada=1.00 GDP(%) Canada=1.00 
iUESE $467 PAP: 2.83 2.05 
West Germany $324 1.54 2.66 193 
Japan $309 1.47 2.81 2.04 
France $264 1.26 23) 1.67 
U.K. $254 Eel 2.33 1.69 
Canada $210 1.00 1.38 1.00 
Italy $123 0:39 12333 0.96 


Source: OECD, Selected Science and Technology Indicators, Recent Results, 1981-1987. 
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TABLE 3 


Investments over 10 Years Required to Achieve 
Selected Ratios of R&D Expenditures to GDP by 1997, 
by Source” 


(billions, 1987 constant dollars) 


Funder No Increase in Additional Funding Additional Funding Required to 

Funding (Base Case) Required to Match Achieve Higher Ratios of R&D 

Rate of GDP Growth”? Expenditures to GDP 
(a) (b) (c) (d) 

Federal and provincial 29.1 4.] 8.9 11.4 17.0 9 
governments 
Universities 6.8 0.9 Pi 2.6 ety =| 
Industry 29.8 6.9 15.0 ios 28.8 37.0 
Other (Private non- Sei 0.6 1.4 1.8 2:6 3.4 
profit and foreign) 

Total 710 2s 27.4 35.0 a2 67.4 
Ratio of R&D expen- 1.0 les: 1 2.0 Lis 3.0 
ditures to GDP in 
1997 


‘) Distribution of R&D investment by source beyond base case is assumed as follows: 32.5% for governments, 7.5% for universities 
(mostly through government support), 55% for industry and 5% for other. 

°) Annual GDP growth assumed at 3%. 

Sources: Statistics Canada and estimates by the Ministry of State (Science and Technology). 
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TABLE 4 


Selected Annual R&D Expenditures by Source to Achieve Specific 
Ratios of R&D Expenditures to GDP by 1997") 
(billions, 1987 constant dollars) 


Other 

Federal and (Private 

Ratio Provincial non-profit 
by 1997 Year Governments Universities Industry and foreign) Total 
1.0% (base case) 1987 2.9 (Q),7/ 3.0 0.6 7.1 
Heese De 2.9 0.7 3.0 0.6 oh 
1997 2.9 0.7 3.0 0.6 7.1 
1.3% 1987 2.9 0.7 3.0 0.6 TA 
1992 3.2 0.8 3.6 0.6 8.2 
1997 37 0.9 43 0.7 9.5 
1.7% 1987 2.9 0.7 3.0 0.6 kl 
1992 a6 0.9 4.3 0.7 9.4 
1997 4.6 ee 6.0 0.8 123 
2.0% 1987 2.9 0.7 3.0 0.6 TH 
1992 3.8 0.9 4.6 0.7 10.0 
1997 a2 2 (ome) 0.9 14.2 
2.5% 1987 2.9 0.7 3.0 0.6 he 
1992 4.3 1.0 3.3 0.8 11.4 
1997 6.5 IES 9.1 bey 18.1 
3.0% 1987 2.9 0.7 3.0 0.6 Tos 
1992 46 Ul Se) 0.8 12.4 
1997 7.6 1.8 Lat te 21.8 


) Distribution of R&D investment by source beyond base case is assumed as follows: 32.5% for governments, 7.5% for universities 
(mostly through government support), 55% for industry (national amount) and 5% for other. 

°) Annual GDP growth assumed at 3%. 

Sources: Statistics Canada and estimates by the Ministry of State (Science and Technology). 
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FIGURE 4 


INVESTISSEMENT REQUIS PAR ANNEE DE LA PART DU SECTEUR PRIVE 


AFIN D’ATTEINDRE LES RAPPORTS RECHERCHES ENTRE LES DEPENSES 
EN R et D ET LE PIB D'ICI 1997 


Milliards 
de dollars 
1987 
e! i | 
— 3,0% du PIB 
10 91 
——" 2/2 du PIB 
8 6,9 
—— Zed rib 
6,0 
—  1,7% du PIB 
6 
43 
____ Investissement supplémentaire requis 
4 pour suivre le taux de croissance du 
3.0 PIB (1,3% du PIB) 
— Investissement requis pour maintenir 
la base actuelle de R et D (1,0% du PIB) 
gi 
0 
1987 1989 19 1993 1oo5 1997 


(1) On suppose que le PIB connaitra une croissance annuelle de 3%, que le rapport entre les dépenses en R et Det le PIB suivra une 
progression constante pour chaque scénario, et que lindustrie fournira 55% des dépenses totales en R et D, en sus des fonds requis pour 
maintenir lassise actuelle. 
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FIGURE 3 


INVESTISSEMENT REQUIS PAR ANNEE DE LA PART DES GOUVERNEMENTS 
AFIN D’ATTEINDRE LES RAPPORTS RECHERCHES ENTRE LES DEPENSES 
EN R et D ET LE PIB DICT 1997 


Milliards 
de dollars 
1987 
7,6 
8 —— 00 COU S 
i 6,5 
— 2.5% du PIB 
6 
a 
— 2,0% du PIB 
» 4.6 
Se bo dwPiB 
A 3,7 : 
—— Investissement supplémentaire requis 
pour suivre le taux de croissance du 
: 2,9 PIB (1,3% du PIB) 
~~ Investissement requis pour maintenir 
la base actuelle de R et D (1,0% du PIB) 
y 
1 
0 
1987 1989 1991 1993 1995 1997 


(1) On suppose que le PIB connaitra une croissance annuelle de 3%, que le rapport entre les dépenses en R et D et le PIB suivra une 
progression constante pour chaque scénario, et que les gouvernements fourniront 32,5% des dépenses totales en R et D, en sus des fonds 
requis pour maintenir Lassise actuelle et al exclusion des fonds que versent les gouvernements aux universités pour les frais généraux et 
autres liés ala R et D. 
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FIGURE 2 


INVESTISSEMENT NATIONAL REQUIS PAR ANNEE POUR ATTEINDRE LES RAPPORTS 
RECHERCHES ENTRE LES DEPENSES EN R et D ET LE PIB D’ICI 1997 


Milliards 
de dollars 
1987 
Dihae) 
22 
18,1 
16 
14,2 
PES 
12 
ORS 
8 71 
4 
0 
1987 1989 1991 1993 1995 1997 


3,0% du PIB 


2,5% du PIB 


2,0% du PIB 


=e) ou PLB 


Investissement supplementaire requis 
pour suivre le taux de croissance du 
PIB (1,3% du PIB) 


Investissement requis pour maintenir 
la base actuelle de R et D(1,0% du PIB) 


(1) On suppose que le PIB connaitra une croissance annuelle de 3% et que le rapport entre les dépenses en R et Det le PIB suivra une 


progression constante pour chaque scénario. 
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FIGURE | 


INVESTISSEMENT NATIONAL TOTAL REQUIS SUR 10 ANS POUR ATTEINDRE LES 
RAPPORTS RECHERCHES ENTRE LES DEPENSES EN R et D ET LE PIB D’ICI 19970) 


Milliards [J 3,0% du PIB 
de dollars 
1987 
‘ay | 2.5% du PIB 
120 
a 2,0% du PIB 
100 


1,0% 


80 (71,0) Fe] 1,7% du PIB 


Investissement supplementaire requis 
pour suivre le taux de croissance du 
PIB (1,3% du PIB) 


El Investissement requis pour maintenir 
la base actuelle de R et D (1,0% du PIB) 


(1) On suppose que le PIB connaitra une croissance annuelle de 3% et que le rapport entre les dépenses en R et Det le PIB suivra une 
progression constante pour chaque scénario. 
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TABLEAU 5 


Dépenses affectées 4 la recherche et au développement 
par région en 1985" 


(en millions de dollars) 


Source de Financement 


Gouvernement Gouvernements Dépenses 

fédéral provinciaux”? Industrie Universités) Autres Total par hab. 
Terre-Neuve 43 ] 5 16 2 67 Lis 
[.-P.-E. 7 — 1 I — 9 71 
Nouvelle-Ecosse 110 4 15 21 7 157 178 
N.-B. 47 3 24 12 3 89 124 
Québec 433 liao 646 93 113 1444 DANS) 
Ontario 1128 EM 1615 242 275 3371 3h 
Manitoba 113 ihe? 21 35 14 Los 182 
Saskatchewan as 13 42 is 9 152 149 
Alberta 150 101 191 107 35 584 248 
C.-B. 180 pag Iss a 36 450 156 
Canada 2289 425 2021 594 495 6530(4) Dah 


“) Ce tableau n’inclut pas les activités scientifiques connexes (comme les levés) ou les dépenses fiscales consacrées a la R et D. 

°) Y compris 3 millions $ provenant de chacun des organismes de recherche provinciale en Ontario et au Québec. 

) Y compris les frais généraux afférents a la recherche universitaire, assumés par les gouvernements. 

‘) Y compris le Yukon et les Territoires du Nord-Ouest. 

Source: Statistique Canada: Prévisions des dépenses affectées a la recherche et au développement par région au Canada, 1979 a 
1985, juillet 1987. 
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